He was found to be a diabetic at the age of 25 and since then had been taking 30 to 40 units of zinc protamine insulin (Z.P.I.) daily. There was nothing relevant in his family history. In December, 1953, he was seen by an orthopaedic surgeon because of low back pain. He was treated with a plaster jacket without benefit and in April, 1954, was considered to be suffering from ankylosing spondylitis, although at that time the blood sedimentation rate was normal and radiological changes in the spine were indefinite; at the same time, chest expansion was limited and back movements were stiff.
He was referred to a radiotherapist and given between 900r and 1,100r in 31 days to the whole of the spine, the higher dose being given in the mid-dorsal region. Treatment was completed on July 1, 1954. The skin received 1,800r and the upper limit of treatment was about the second cervical vertebra. When last seen by the radiotherapist on August 18, 1954, he still had lumbar pain though it was now radiating down the legs.
On admission to hospital on August 24, 1954, there was constant though very variable contraction of all the muscles of the abdominal wall and the legs. The contractions occurred in attacks which were at the rate of about 20 a minute and each muscle spasm was associated with severe pain and excessive sweating. The temperature had risen to 1020 F. The diabetes had become difficult to control and the dose of Z.P.I. had to be increased to 50 to 60 units daily. During the next few days the muscular contractions spread into the chest muscles and the sternomastoids and the temperature rose to 1040 F.
On August 31 the intercostal muscles were so involved that there was difficulty with respiration; when the respiratory rate had risen to 48 the patient became disorientated and confused. Intramuscular sedatives had little effect. Ir was then noticed that the slightest exte-nal stimulus would precipitate muscular contractions and for this reason detailed examination of the nervous system was limited, though no other abnormality was detected. By this time morphia was found to be one of the most satisfactory drugs in controlling the muscle spasms. It was at this stage that he was first seen by one of us (A.M.G.C.), but on that date the respiratory rate continued to rise, he became delirious, and died before artificial respiration had been attempted.
histological Examination.-This was performed by Dr. R. M. Norman, at the Frenchay Hospital, Bristol, and the following is his report:-The brain and spinal cord were normal to the naked eye.
Blocks of tissue were taken from representative areas of the cerebral cortex, basal ganglia, cerebellum, pons, and medulla. The spinal cord was sampled from cervical, thoracic, and lumbar segments. Celloidin sections were stained for nerve cell bodies by carbol azure and for myelin by Heidenhain's method. The following methods were used with frozen sections; Bielschowsky's stain for axis cylinders, Scharlach R. for lipid, Holz-r's method for fibrillary astrocytes, and Anderson's modification of the Kultschutzy-Pal stain for myelin. Paraffin sections were stained by haematoxylin and eosin.
Spinal Cord.-Perivenous cuffing by lymphocytes was seen at all levels ( Fig. 1) , its intensity varying from section to section but the inflammatory cells rarely exceeded a depth of two or three rows. Cuffing was most conspicuous in the zone of white matter adjacent to the cornua, the vessels often being dilated but not showing extravasation of red cells or oedema fluid. The leptomeninges of the anterior fissure contained a few lymphocytes. Microglial cells in the white matter generally exhibited a faint staining of their processes in the carbol azure (Nissl) preparations, but no hypertrophic forms were present. Localized aggregations of microgliocytes were seen either in relation to small blood vessels or as isolated glial stars and seldom exceeded six per section (Fig. 3) (Fig. 4) . Especially in the cervical cord a more diffuse proliferation of microglia could sometimes be demonstrated and this gave a patchy, increased cellularity to the grey matter.
The majority of the nerve cells had normal nuclei and Nissl substance, though the cytoplasm of many stained darkly with carbol azure. Some shrunken, deeply stained anterior horn cells with wavy processes were present at all levels of the cord and a few faintly staining small neurons were also seen. In the latter cells the Nissl bodies had disappeared, the cytoplasm staining a uniform pale blue colour with carbol azure or pink with eosin (Fig. 2) . The nuclei usually stained poorly and in some instances showed merely as a few fine chromatin particles. Only a few of these degenerate cells showed satellitosis by microglial cells.
Brain.-A small number of microglial nodules were seen in the medulla (Fig. 5) , and also in the central white matter of the cerebellum. There was a sparse and patchy lymphocytic infiltration of the cerebellar leptomeninges. Cuffing of the vessels was only seen in one situation above the level of the spinal cord, namely, in the internal capsule. Some of the nerve cells in the substantia nigra had shrunk markedly but no free pigment or glial activity was present. Here and there, in the centrum semiovale and cores of gyri, perivascular spaces had become widely dilated. The conspicuous lacunae so formed were filled with a delicate glio-mesodermal meshwork which contained small groups of compound granular corpuscles and showed a mild gliosis at their margins.
Elsewhere in the brain no significant pathological changes were found in the numerous areas examined.
In this case the lymphocytic cuffing and microglial nodules, which are features common to many types of virus infections of the nervous system, were almost exclusively found in the spinal cord. The absence of polymorphonuclear infiltration and the inconspicuous damage to the anterior horn cells distinguishes the condition from poliomyelitis. It is more difficult to rule out encephalitis lethargica as the patliogenetic agent, though there were no inflammatory lesions in the sites of predilection of this disease, namely the substantia nigra, periaqueductal grey matter, hypothalamus, or the region of the third ventricle. It is, however, well known that the spinal cord may rarely be substantially implicated in this condition. There are also great variations in the severity of the pathological process in encephalitis lethargica, and in those dying about a week after the onset of the illness there has been a discrepancy similar to that seen in the present case between the severity of the neurological illness and the paucity of the demonstrable neuronal damage.
Two other pathological findings in this case require comment. The abnormally dense gliosis found in the white matter of the spinal cord clearly antedated the terminal illness and is probably to be regarded as a sequel to the radiotherapy of the spine. Damage to the astrocytes is a prominent feature of the lesions produced by irradiation of experimental animals and it is reasonable to suppose that milder dosage could induce proliferative changes. The dilatation and fibrosis of the perivascular spaces seen here and there in the white matter of the hemispheres are also evidently unrelated to the encephalitic process.
The most striking features of this case were the sudden onset of a febrile illness associated with widespread mycolonus, severe pain, and drenching sweats. At all stages the legs were most severely involved, though there was terminal spread to the respiratory and sternomastoid muscles. The nature of the histological changes would make it fairly certain that the main aetiological factor was a virus infection.
Case 2.-A man, aged 35, a railway shunter, was admitted to Ham Green Hospital, near Bristol, on July 4, 1954. He was very ill with profuse sweating and involuntary spasms of the abdominal muscles occurring every few minutes.
The only feature of the previous history that might be relevant was that he suffered from canicola fever with lymphocytic meningitis (serological proof) in 1949; this was followed by no sequelae. On July 3, 1954, he complained of a sore throat and the following day had violent involuntary spasms of the abdominal muscles, particularly the recti, which the patient likened to severe hiccoughs. Apart from these spasms, which occurred with great regularity every few minutes, neurological examination appeared to be negative. The spasms were painful though the pain disappeared as the muscles relaxed; they occurred both day and night and prevented sleep. They continued during the next few days and disappeared towards the evening of July 6. During this period the temperature was 101 to 1030 F., the pulse rate 105, and the respiration rate 24. The cerebrospinal fluid on July 4 was normal in all respects, The blood picture showed a leucocytosis of 16,900 (polymorph cells 87%) on July 5, though the count had fallen to normal on July 7. Blood culture was sterile and paired samples of blood for virus investigations produced negative results. The patient made a rapid recovery and apart from slight giddiness on getting up on July 14 he had no further symptoms. He was last seen on April 25, 1955, when he was normal and working.
This patient resembles Case 1 in some respects.
The myoclonic jerks were limited to the abdominal muscles, each phase of myoclonus was of shorter duration, and the intervals between these phases much longer; otherwise there was a strong similarity in the appearance of the muscle spasms. Again the myoclonus was associated with severe sweating and with pyrexia. This patient had not been subjected 270 Sections were made of motor cortex and basal ganglia in the coronal plane through the posterior half of the putamen and globus pallidus and thalamus, including the convoluted area of the hippocampus. These and sections through the mid-brain and cerebellum showed no abnormality.
In the medulla the only abnormality was in an area in the descending trigeminal nucleus where there were two vessels cuffed with lymphocytes and small foci of microglial overgrowth rather larger and more diffuse than glial stars. The cervical cord was normal.
In the third, fourth, and fifth thoracic segments there were several nerve cells in both ventral and dorsal horns which showed degeneration with rings of microglial cells round them, as well as cuffed vessels in the grey matter. Lesions of this kind of slight but variable intensity were seen in the lower thoracic segments, but in the lumbar and sacral segments reached their greatest intensity (Fig. 6) . They affected the dorsal horns down to their cap of grey matter, which at some levels was very heavily infiltrated in a focal manner. There were also heavily infiltrated vessels running out through the white columns, but these were otherwise quite normal. The nerve cells, which were ringed by phagocytes, had a darkly staining nucleus and usually had lost their more central Nissl granules (Fig. 7) , but many retained a layer of these under the surface of the cell. No (1931) in his monograph describes a hyperkinetic poliomyelitic form of encephalitis lethargica associated with extensive brain-stem damage, and discusses the very severe myoclonic contractions which occur in this type of the disease. Many of the victims began with rigidity of the legs followed by myoclonic jerks of leg and abdominal muscles and, as in our cases, the abdominal pain was so severe from contraction of the recti that some surgical abdominal catastrophe was considered in the differential diagnosis.
Sicard (1920) was one of the first to emphasize myoclonic encephalitis lethargica and Walshe (1920), quoting one of Sicard's cases, said that the myoclonus was followed by lower motor neuron peripheral paralysis of the arm after the contractions had ceased, probably indicating that the anterior horn cell was the common factor in both the myoclonic contractions and the subsequent paralysis.
That certain examples of encephalitis lethargica showed spinal cord damage there is no doubt, but whether it resembles in any way the damage shown in our patients is difficult to say. Many viruses can attack the nervous system and it is impossible to be certain without an epidemic that sporadic cases really fall into this group. Cases resembling encephalitis lethargica may still occur sporadically.
The other interesting point about two of these patients was their exposure to radiotherapy. It seems more than a coincidence that two out of three examples should have had radiotherapy to the spine less than six weeks before the onset of their neurological illness. The third patient had a neurological illness taking the form of meningitis, and possibly encephalitis, four years before. Perhaps the x rays and the canicola fever acted upon the nervous system in such a way as to predispose to later infection with a virus by lowering the resistance to that virus or by altering the immunity reaction of the nervous system. Clemente and Holst (1954) have shown that there is considerable disturbance of the blood-brain barrier after exposure to x-ray treatment and they showed by the passage of trypan blue dye that permeability of this barrier is greatly increased.
This hypothesis receives some support from several observations appearing in the literature, which have suggested a causal relationship between irradiation and subsequent infection. One of the first was made by Lyman, Kupalov, and Scholz (1933) who noted that three out of four irradiated dogs developed a distemper-like encephalitis. In two of these animals the inflammatory changes were widespread and not symptomatically related to areas of radiological exposure. Pendergrass, Hodes, and Groff (1940) reported three human cases of purulent infection of the brain or its covering following large doses of x rays given for a carcinoma of the scalp, and in the discussion following this paper Dyke referred to several incidents of epidural abscess occurring weeks or months after irradiation for a tumour. Schaltenbrand (1935) described an illness resembling encephalitis, later followed by epilepsy, in a child whose scalp had been exposed to radiotherapy.
These examples strongly support the theory that the resistance of the nervous system to either pyogenic or virus infection may become impaired as a result of previous irradiation. The wide acceptance of the statement that the central nervous system is relatively insensitive to x rays has encouraged excessive dosage and a disregard for its dangers in human patients. Pennybacker and Russell (1948) have already shown that massive focal necrosis and gliosis follow irradiation of the brain after a latent period of five to nine years. This latent period is difficult to explain but they suggest that the damage is probably secondary to fibrinoid necrosis, fibrosis, and vascular damage, and is a very slowly progressive process gradually producing the later clinical effects. They also suggest that vascular permeability may be a factor. The examples they dealt with were entirely brain lesions, but Stevenson and Eckhardt (1945) have described necrosis in the spinal cord and have emphasized the dangers that may occur with irradiation of the spine.
It does not seem to us likely that the generalized increase in neuroglia in the spinal cord in our first case was the consequence of irradiation, as might possibly be suggested. It is striking in our two cases exposed to irradiation that there was the same latent interval between the exposure and the development of symptoms. This would suggest that the x rays produced a slowly progressive damage lowering the resistance to an infective process some time after the cessation of exposure. Summary Three patients are described who appear to have been suffering from an identical syndrome; further weight is lent to its identity by the similarity of histological changes in two fatal examples.
The illness pursued a subacute and probably always reversible course characterized by violent myoclonus largely confined to the legs.
The histological changes are those of an inflammatory lesion confined to the grey matter of the cord, particularly in the dorsal and lumbar regions.
X-irradiation of the spine may have played an aetiological role.
